Background: After the March 2011 "triple" disaster in Japan, the residents of Fukushima Prefecture suffered from serious psychological stress. Aims: This study aimed to elucidate the influence of stressful conditions on psychiatric disorders, as reflected in new psychiatric admissions. Methods: Diagnoses and background conditions among new psychiatric admissions during the 3 months immediately after the disaster in 2011 and the corresponding time periods of 2010 and 2012 were surveyed. Results: In 2011, more patients were admitted in confusional, manic, neurasthenic, and delirious states, whereas there were fewer admissions for depression. In 2012, more admissions pertained to depression. Twenty-four percent of the new admissions in 2011 were associated with concerns about radiation contamination and hospitalization, which declined to 4% in 2012. Conclusions: The diagnoses and background conditions among new psychiatric admissions were affected by the disaster; with the influence differing according to the time elapsed after the disaster.
Introduction
Fukushima Prefecture sustained damage due to the earthquake and tsunami resulting from the Great East Japan Earthquake that occurred on March 11, 2011. Radioactive contamination occurred soon thereafter, due to the Fukushima Daiichi Nuclear Plant accident. Of the three disasters constituting the complex Fukushima disaster (i.e., the earthquake, tsunami, and nuclear accident), radioactive contamination continues to have the worst impact. The only studies on the impact of the radiation threat on psychiatric patients have been conducted on small samples by Kunii and Wada [1] [2] [3] . Therefore, we conducted a survey on trends among new psychiatric inpatients throughout Fukushima after the 3.11 complex disasters on a large sample.
Method

Subjects
On March 11, 2011 , there were 37 facilities of either psychiatric hospitals or general hospitals with psychiatry departments in Fukushima Prefecture. However, 5 facilities were no longer able to function after the earthquake and nuclear power plant accident. Thus, among the 32 remaining facilities, we selected 30 facilities where psychiatrists of the Fukushima Society of Psychiatry worked. We requested the 30 facilities to cooperate in our planned survey on new admissions. The study sample comprised patients who had been newly hospitalized from March 12 to May 11 in 2010, 2011, or 2012. We excluded patients who had been transferred to the hospitals included in this study due to the physical damage to the hospitals they were originally admitted to or those transferred from non-medical facilities. Data from 2010 was obtained for comparison. All the administrators of the cooperating hospitals provided us their written consent to use their responses as the fundamental data in the present study.
A map indicating the hospitals under study has been shown in Figure 1 . Fukushima Prefecture is divided into three regions by two mountain ranges. From east to west, the three regions are as follows: Hamadori, coastal region; Nakadori, central region; and Aizu, western region. Nakadori is further divided from north to south into northern Ken-poku, central Ken-chu, and southern Ken-nan districts. Hamadori is divided from north to south into Soso District and Iwaki District. Aizu is divided from north to south into Aizu District and Minami-Aizu District. Nine of the target hospitals were in Ken-poku, where Fukushima City is located. In April 2011, the level of environmental radiation in Fukushima City (approximately 63 km away from the nuclear plant) was 1.97 μSv/h. Six of the target hospitals were in Ken-chu and Ken-nan districts. Koriyama City is located in Ken-chu District. The level of radiation in Koriyama City (approximately 58 km from the plant) was 1.79 μSv/h. Five of the target hospitals were in Iwaki District. The level of radiation in Iwaki City (approximately 43 km from the plant) was 0.36 μSv/h. Six of the target hospitals were in Aizu District. The level of radiation in Aizuwakamatsu City (approximately 98 km from the plant) was 0.16 μSv/h. Overall, though the levels of environmental radiation in the districts where the subjects of this study resided were low (http://www.cms.pref.fukushima.jp/download/1/7houbu0401-0430.pdf), the psychological effects among them were serious.
The status of psychiatric services in Fukushima Prefecture during the survey
The results of monitoring of the environmental radioactivity level in the Fukushima Prefecture were expressed as microsievert/hour at 1 m from the ground on April 12-16, 2011 (the maps have been copied from the 5 th Fukushima Prefecture Environmental Radiation Monitoring in Mesh Survey, with the permission of Fukushima Prefecture Radiation Monitoring Unit). The italicized contents of the figure refer to the Restricted Area (surrounded by a black line), Deliberate Evacuation Area (surrounded by a red line), and the Area prepared for Evacuation in case of Emergency (surrounded by a yellow line). These areas represent the areas of the co-operating psychiatric hospitals that provided patients' data for our investigation. period in 2011 has been described in the paper by Kumakura [4] , who reported that approximately 920 patients from 10 psychiatric hospitals had been transferred to 118 hospitals in 11 prefectures (including Fukushima Prefecture) mainly due to the designated evacuation in the Soso District. In this district, approximately 710 patients from five hospitals were evacuated, and hospitals were closed, rendering 900 hospital beds unusable [4] .
Survey Contents
The survey examined inpatient trends immediately following the nuclear plant accident. Survey items included the number of hospitalized patients in a given district, the patients' age and gender, their diagnosis category at the time of admission, mental state at admission, type of admission, place of residence before admission, whether a patient's own house was damaged in the disaster, and whether fear of radiation played a role in the patient's hospitalization. 
Statistical Analyses
We performed a chi-square test and a residual analysis using the Js-STAR 2012
(http://www.kisnet.or.jp/nappa/software/star/index.htm). The chi-square test was used to examine the relationship between the six factors-type of residence, ICD 10-based diagnostic category, mental state at admission, whether a patient's own house was damaged in the disaster, place of residence before admission, and level of fear regarding exposure to radiation-and the survey year (2010, 2011, 2012) . When the chi-square test indicated a significant finding, we performed a residual analysis using adjusted standardized residuals (z-scores). We deemed z-scores exceeding ± 1.96 as significant, with the value of 1.96 corresponding to the 5% significance level.
Results
Among 
Newly Admitted Inpatients by District and Year
The observed numbers and expected numbers of newly admitted patients for each district and year have been presented in Additionally, the actual number of patients from Ken-poku District and Soso
District was significantly lower than the expected number was (Ken-poku District: 14.36%, Z = −5.65, p < 0.05; Soso District: 2.81%, Z = −4.6, p < 0.05).
Diagnostic Category at Admission
Regarding the subjects' diagnostic categories ( 
Mental States at Admission
Damage to the Homes of Newly Admitted Inpatients
Concerning 
Place of Residence at Admission
Fear of Radiation
Discussion
We could obtain data from 19 (59.4%) and 26 (81.3%) out of the 32 psychiatric hospitals and general hospitals with psychiatry departments, respectively, which continued to function after the 3.11 complex disaster in Fukushima Prefecture.
Therefore, we think the results of the present study represent the actual situation regarding the new admissions during the observation periods.
The observation period for each year in the present study was two months,
and not all inpatients in Fukushima Prefecture were included. However, we consider the present study significant as it compares the subjects' characteristics in 
Newly Admitted Inpatients by District and Year
In 2011, the actual number of patients from Ken-poku, Soso, and Iwaki districts was significantly higher as compared to the expected number. The increased number of newly admitted patients among people living in Ken-poku District, Soso District, and Iwaki District in 2011 likely resulted from the combined effect of highly stressful events including the earthquake, tsunami, evacuation following the nuclear disaster, and fear of radiation. Specifically, people in the Ken-poku, Soso, and Iwaki districts had potentially greater exposure of traumatic experiences than people from other areas did, which could explain the rise in psychiatric disorders and cases requiring hospitalization. Tsutsui et al. [5] conducted a survey in 2011 examining psychological stress among mothers of preschool or elementary school children. They reported that mothers from Soso, Ken-poku, and Kenchu districts had higher stress levels than mothers from other districts did. Tsutsui et al.'s study is very valuable considering the scarcity of studies that actually surveyed residents' psychological stress by district in 2011.
While the study did not report high stress levels of psychological stress in Iwaki District, the high stress levels reported in Ken-poku and Soso districts suggest that the above interpretation is generally correct.
On the other hand, the actual number of patients from Ken-nan, Aizu, and Minami-Aizu districts was significantly lower as compared to the expected number. Kumakura reported in 2014 that 713 Soso District patients had to be transferred to another hospital in another districts because of the earthquake disaster [6] . According to personal communication with Fukushima Prefectural Public Health and Welfare Department, 60 of the 713 patients were transferred to another psychiatric hospital in Aizu District, and 13 were transferred to a facility in Ken-nan District. The transfer of the 713 patients to facilities in Aizu and Ken-nan districts caused a decline in the number of empty beds in these districts, which reduced the availability of beds for prospective patients. Because
Minami-Aizu District did not have any psychiatric hospitals prior to the disaster, many of the patients in this district who required hospitalization for psychiatric care were admitted to another psychiatric hospital in Aizu District. However, following the disaster, the psychiatric hospital beds in Aizu District were full with patients transferred from Hamadori. This reduced the opportunity for Minami-Aizu District patients to gain admission to the hospital.
Changes in Mental States at Admission
In the period immediately following the disaster (March 12-May 11, 2011), there were significantly higher numbers of patients in the confusional, manic, neurasthenic, and delirious states, while the number of depressive patients was significantly lower. One year following the disaster (March 12-May 11, 2012), the number of confusional patients was significantly lower, while the number of depressive patients tended to be higher.
Pre-disaster data is naturally required as a reference for comparisons to verify if there was an actual reduction in the number of new inpatients with particular psychiatric disorders after disasters. However, due to a lack of such data, most existing studies on mental health after disasters have not compared pre-and post-disaster situations. Arnberg et al. [7] used pre-disaster data on Swedish survivors of the tsunami caused by the 2004 Sumatra earthquake and found that although there was an increase in PTSD and stress-related disorders, depression had not increased. However, they did not indicate a reduction in depression after the catastrophe. Then, what factors contributed to a reduction in depression after the 3.11 complex disaster in Japan?
Haglund et al. [8] stated that six psychosocial factors protect against and aid recovery from posttraumatic stress; namely, active coping style, physical exercise, positive outlook, moral compass, social support, and cognitive flexibility.
With reference to the decrease in depression after the 3.11 disaster, we believe that the highly nationalistic characteristic of Japanese people strengthened their resilience, particularly through the enhancement of Haglund et al.'s factors of "active coping style" and "social support."
At least two observations support this conclusion. First, in addition to a funeral that is conducted at the time of victim's death, the neighbors and relatives of the deceased regularly share their sorrow with the bereaved family, and the bereaved family is supported by the society; thus strengthening social support.
Second, as reflected in the motto of "promoting bonding for mutual support" being prominently posted on social media, Japanese society came together to collectively overcome the ravages of the disaster, reflecting both active coping and social support. We believe that the prevalence of active coping and social support built resilience, resulting in the reduction of the incidence of depression.
However, it is unclear why the strengthening of resilience had a stronger effect on depression than on other psychiatric conditions.
Regarding reactions of psychiatric patients to a nuclear accident, Bromet et al. [9] reported their survey results in the case of the Three Mile Island (TMI) accident. They found no significant differences between the TMI group and the comparison group. While, the increase in the number of patients with mania following the Fukushima disaster has been reported [1] [2] [3] . In addition, the exacerbation of symptoms in patients with bipolar disorder due to a catastrophic disaster has also been reported previously [10] . An increase in the number of patients in the confusional state due to the stress associated with the disaster was observed in 2011. In 2012, the chaos/confusion that emerged in the wake of the disaster appeared to be abating. Many residents left their evacuation shelters and moved into their own house or into temporary housing, resulting in a decline in environmentally derived psychological stress, and thus, a decline in overall stress [11] . The state of confusion would have declined accordingly.
Disaster-derived stress had a particularly destructive impact on the elderly.
When the disaster disrupted or destroyed the environment of the elderly, they
found it difficult to cope with the changes, resulting in a rise in stress and some cases of delirium [12] . Our results indicated a rise in delirium following the disaster that is consistent with the existing study. The various types of disaster-derived stress gave rise to extreme fatigue and exhaustion in many cases. The number of people who experienced neurasthenic symptoms (e.g., muscle pain, muscle contraction-derived headaches, dizziness and sleep-disorder) increased and this rise could explain the increase in hospital admissions. A study of the Chernobyl nuclear disaster by Loganovsky et al. [13] in which structured interviews were used, showed an increase in the number of depressive individuals even 18 years following the accident. Our study detected a rise in depression in 2012, one year after the disaster, possibly reflecting the start of a similar longterm trend.
Damage to the Homes of Newly Admitted
Most of the residents living in evacuation centers or temporary housing were evacuees from Soso District. Living in evacuation centers creates a great deal of psychological stress [14] . In 2012, an increasing proportion of evacuees had started living in temporary housing or rented accommodations. Many of them felt uneasy and isolated because of living in unfamiliar locations and circumstances. They also felt a sense of loss, as they were no longer able to return to their original homes because of the nuclear accident. Factors such as uneasiness, loneliness, and a sense of loss led to higher stress levels than before the disaster. This may explain the increase in admissions among people from other types of residence, including temporary housing. It is worth citing Nishizawa et al. [11] as an example of studies which objectively demonstrated that living in temporary housing is highly stressful.
Nishizawa et al. measured blood pressure in hypertensive patients to determine how blood pressure fluctuates depending on the living environment following the 3.11 earthquake. They found that patients living in temporary housing had higher systolic blood pressure compared to those living in their own home, and they attributed this difference to living environment. Stress arising from the living environment may contribute to the increase in admissions in 2012 among those living in temporary housing.
Fear of Radiation
The International Commission on Radiological Protection (ICRP) recommended that radiation exposure during normal periods should be limited to no more Since the Fukushima disaster, a systematized support system has been developed, based chiefly around Fukushima Medical University and the Institute for Traumatic Stress. This support system is aimed at countering excessive fears of radiation damage through means such as disseminating accurate information about the effects of radiation and studying internal radiation exposure using whole-body counters [16] . Conveying accurate information regarding radiation damage reduces negative perceptions [17] . Possibly as a result of these outreach activities, one year after 3.11 there was a sharp decrease in hospitalizations that were associated with a fear of radiation damage.
However, the fear of radiation damage originates from radiophobia, and is perceived in relation to the atomic bombings of Hiroshima and Nagasaki. In addition, studies conducted in the aftermath of the nuclear accident in Chernobyl have shown that the various mental symptoms that stem from anxiety in relation to radiation damage last over a long period of time [18] . After the Three Mile Island (TMI) nuclear accident, Bromet et al. [9] considering TMI as dangerous was significantly associated with strong distress among psychiatric patients in the TMI area. These findings suggest that it is necessary to examine physical and psychological measures for dealing with radiation exposure. Additionally, it is necessary to continuously convey accurate information regarding the risks associated with exposure to 3.11 radiation and future studies should examine the longitudinal trajectory of 3.11 radiation fears and inform governmental efforts to address these fears.
Methodological Limitation
There are some methodological limitations in the present study. 
